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f 73 5 ABSTFUCT 

X-(LHydroxyethyl nitrate~g2,4,6-tnnitrobenzamide 
which is an explosive with good tlmrnal stabiiil>ti at 
150” c. 

2 Claims, X0 Drawings 



5,214J89 
2 

is prepared b>@ nitrating S-(~-h~~drox;~eth!~l)-2.3.6-trini- 
trobenzamide (II). 

1 

BACKGROUND OF THE IXVEKTION 

This invention relates to energetic aromatic com- 
pmmds and more particuiark to energetic aromatlc . 
nitrate esters. 

Missile systems often require explosives that can 
withstand short-term (XI minutes) exposure to tempera- 
tures in the vicinity of 15Q’ C. and above due to aerody- 
namic hearing Pentaerythritoi terranitrate (PETN) is 
the highest melting of the commonly available nitrate 
esters, but its melting point (140’ C.) precludes its use in 
such missiles. U.S. Pat. No. 5,081.255 titled, “High 
Melting Aromatic Nitrate Esters,” which issued to Mi- 
chael E. Sittmann on Jan. 14, 1992, discloses several 
higher melting nitrate esters. These esters general]) 
contain one or more -IWCkI$X~ONU~ amine 
groups attached to the aromatic ring. ‘IY.e -NHC&C- 
H:OSO: groups in the aromatic nitrate esters are pro- 
duced by nitration of -XHCHQ-I~QH substituents on 
the aromatic ring. Jt can sametimes be diffkult to can- 
trol the nitration of -NHCH$X=l~QH so that the ini- 
tially formed N-KH~CHSNU: groups are not funk 
nitrated (K-nitration) to give -N(WDl)CH$X20N02. 
The -~(NU~)C&CH$XW~ group is often not desk 
able because it tends to produce lower melting and less 
stable aromatic nitrate esters compared to -NHCHzC- 
H:USO-. 

It woild be desirable to pro\*ide energetic aromatic 
esters that are easier to produce and which have greater 
thermal stability than those presently available. 

Accordingly. an object of this invention is to provide 
a new energetic aromatic nitrate ester. 

Another object of this invention is to prwide a ne\+. 
energetic aromaric nitrate ester halsins greater therma! 
stability. 

.4 further object of this invention is to provide a new 
therma@ stable. energetic aromatic nirrate esrer that is 
easier to produce and isolate in greater yield. 

These and other objects of this invention are accom- 
plished by pro\*idjq: 

W2-fiydrosyerhyl nitrate)-2.4.6,trinitrobenzamjde. 
In the method of preparation. one mole of ethanol- 

amine is reacted Gth each mole of 2.4,6-trinitrobentoyl 
chioride to produce N-(2-hvdroxyethyl)-2,4,6-trini- 
trobenzamide which is then nitrated to form the desired 
&(2-fiydroxyethyl nitrate)-2.4,6-trinitrobenzamide. 

DETAILED DESCRIPTIOS OF THE 
PREFERRED EMBOIXMEKT 

Sft-Hydroxyethyl nitrate )-2.5.6-rrinitrobentamide 
(1). 

I 

as illustrated by examples 2 and 3. By using 90% nitric 
acid at a temperature of 0” C. or belou?, the nitrate ester 
is formed while X-nitration (formation of a nitramine) is 
avoided. This is imponant because formation of K- 
nitro-N-(20hydroxyethyl nirratej-2,4,6trinitrobenza- 
mide UU contaminate and lower the yield of the de- 
sired product N-Q-hydroxyethyl nitrate)-2,4.6-trini- 
trobenzamide. These two compounds would also be 
very dificult tu separate. 

Example 1 demonstrates a method of preparing the 
No(20hydroxyethyl)-2,4,6Mnitrobenzamide used as a 
starting material in the preparation of X-(2-hydrox- 
yethyl nitriate-,, 7 4,&trinitrobenramide in examples 2 
and 3, 

A comparison of examples 2 and 3 with example 5 
demonstrates the advantages of amide compounds with 
the -C(S)NHCH2CH20?Q group uver the corre- 
sponding amine compounds with the --NHCHzC- 
Hz0YUz group. In examples 2 and 3, N-(2.hydroxve- 
thy&2.4.6-txinitrobenzamide was nitrated to form X$2- 
hvdroxyethvl nitrate)-2,4.6-trinitrobenzamide in yields 
oi 87 and 9; percent. Even nirration at a temperature as 
high as Q’ C, (example 5) produced an excellent yield, 
(94 percent) with lou. impurities. In contrast. in example 
5. the correspondine amine. ~-(2-hvdrox\lethvl~-2*4.6- I c s 
trinitroaniline Mpheniitrated at - 25’ C. produced X-(2- 
hvdroxvethyl nitrate)-2.4.6-trinitroaniline in only an 11 
p&cent* yield. Moreolrer a substantial amount of the 
undesirable. less stable E=-nitro--N-(2-hvdroxyeth~l 
nitrate)-2.4.6-trinitroaniline. was produced. making pu- 
rification difftcult. It would appear that control of nitra- 
tion for -C(=SI)YHCH$W2UH is considerably eas- 
ier than for -NiCH$IH:UH because the eie&nega- 
tive carbony? [C--rS) readily. 

A second advantage of the amide Y-(2-hydroxyethyi 
nitrate)-2,4,6knitrobenzamide over the ccrresponding 
amine K-(2-hydroxyethyi nitrate)-2,4.6-trinitroaniiine is 
seen in the melting points, As demonstrated by exam- 
ples 2 and 3, the meltmg point of the amide is about 200’ 
C. In contrast. example 5 shows the melting point of the 
corresponding amine to be less than 100’ C. Thus the 
amide is suitable for high temperature use in a missile 
warhead whereas the amine is not. The melting point 
(203’ C.) of a sample of NQhydroxyethyl nitrate)- )- 
2,4,6-trinitrobenzamide did not change after it u’as held 
at 150’ C. for one hour. 

Tne generai nature of the invenkn having been set 
forth, the following examples are presented as specific 
illustrations thereof it will be understood that this in- 
vention is not limited to rhese specific er;amples. but is 

, susceptible to various modificarlons that wili be recq- 
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Ethanolamine (O-9$. 0.016 mole) in 16 ml of metha- 

nol was stirred ~11 in a drv ice-acetone bath (- 78” C-1 
during the rapid g drop&e addition of a solution con- 
taining 2. I g (0.008 mole) of 2,4,6-trinitrobenzo~l chlo- 5 
ride in 7 ml of Wdioxane. The thick mixture was al- 
lowed to warm to room temperature before the wla- 
tiles were removed (under reduced pressure) ‘10 give a 
dark semisolid residue that was stirred with IS ml of 
cold water 7%~ insoluble solid was removed, washed 10 
with a small amount of cold water, and then stirred with 
methykne chloride (15 ml) to give 1.4og (61%) of ins& 
uble solid product, N-(2-hvdroxvethyl)-2,4,6-t~nj- 
trotmzarnide. mp 189”-191” CI 1H GMR (acetone-d& Is 
3A2 (t, 2X), 3.80 (t. 2X), 9.36 (s, 2X). IR (KBr): 
3500-3250 (E;H, OH), 1655 (C=S), 1550 (NW. 

EXAMPLE 2 

N-(2-Hydrox~eth~l nitrate)-2,4,6-trinitrobenzamide (I) 20 
by nitration at -2Y C. 

To 8 ml of 907~ nitric acid stirred at -40’ C. was 
added 1.39 g (O.oM3 mole) of h’-(2-hydrox~eth~l~g2.4~6g 
trinitrobenzamide rapidly in portions. The reaction 25 
mixture was allwed to warm to -30’ to - 25” C. and 
held for 5 minutes at which time a11 material was in 
solution The solution was poured onto ice to pke 1.39 
(87%) of tan solid product, N-(2-hvdroxvethyl nitrate)- 
2.4,6-trinitrobenramide, mp 197’ Cl dec. krystallization 30 
from acetone-methanol gave l&l g. mp 203” C. dec; *W 
KMR (acetone-doI: 3+93 (m. 2H). 4.90 (t. 2X), 9.40 (s. 
ZH). IR (ii%): 3 130 (?;H), 1665 (Cd). 1630-1610 
(UNU~), 1580. 1555 (SO:), Anal. Calcd for ~5 
CokIt2iQ~: C. 31.31; H. 2.04: K. 20.29. Found C. 31.73; 
H. X5; S? 20.36. 

EXAMPLE ? 

%(2-H\‘droxyethyl nitratei-2.4.6-trinitrobenramide 40 
(I) bj. nitration at 0’ C. 

Td 905 nitric acid ( I .5 ml) stirred at -5” C. was 
added 0.15 ,p of K-(2-hydroxyethyi )-2,4,6-rrinitrobenta- 
mide. After 5 minutes ar - 5’ to 0” C. the solurion was 44 

- poured on ice to gke 0.16 g (945 ) of product. Y-(2- 
hydroxyethyl nitrare~-2.4.6-trinit~obenzamide. mp 196’ 
c. dec. 

$214,189 
4 

EXAVPLE 4 

h’-(2-Hydroxvethvl)-2,4,6-tnnltroaniline 
Ethanolamin; (O.bg. 0.01 mole) in 10 ml of methanol 

was stirred in an ice bath as 2.Q (0.01 mole) of 2,4,6- 
trinjtroanisole was added rapjdl!= in portions. After 15 
minutes ar 0” C., the solution was allowed to stand for 3 
hours at room temperature before it was cooled in ice 10 
give 1.85g (69%) of crvstals of product. N-(2-hvdroxve- 
thyI)-2,4,6-trinitroanili;le. mp lOSo- 110” C.: k XkR 
(acetone - db+DZU): 3.33 (I! 2H), 3.96 (I. 2H), 9.03 (5, 
2X). 

EXAMPLE 5 

N-(2-Hydroxyethyl nitrate)-2.4,6-trinitroaniline 
To 90% nitric acid (8 ml) stirred at -4U* C. was 

added 0.8~ (0.003 mole) of N-(2-hydroxvethyb2,4,6- . 
trinitroaniline. The solution was allou*ed to warm to 
-35” to -30’ C. for 5 minutes before it was poured 
onto ice to give 1 .Og of product. Thin-lqler chromatog- 
raphy indicated the product contained the desired mate- 
rial, h’-(20hvdroxvethyl nitrate)-2.4,6-trinitroaniline. 1 
along with some kaning material and a substantial 
amount of ~-nitro-N-(2-hydroxyerhvl nitrate)-2,4.6- 
trinitroaniiine. The product was stirred with methylene 
chloride (10 ml) at room temperawe and the insoluble 
solid (0.6~ of ~-nitro-~-(2-h~.droxyeth4t~ nitrate)- 
2.4,6-trinitroaniline, mp 122’ C) was removed by filtra- 
lion* The filtrate was cooled to -20” C. to give 0.1 g 
(11%) of crvstals of the product N-(2.hydroxvethvl 
nitrare)-2.4.6:rrinirroaniline. mp W-94” C. Recr&& 
zarion from mech>*lenc chloride raised the melting point 
to 94’-96” C.: 1H XMR (acetone-db;DzO): 3.73 (t, 
2H1, 505 (I. 2ti), 9.25 (s. 2H). 

Anal+ Calcd for CsHtX&k: C. 30.29; H, 2*22; K, 
2X% . Found C. 30.60; Ha 2.36: X 21.77. 

Ubviouslv numerous modifications and xlariations of 
the present*in\:ention are possible in light of the abow 
teachings. It is therefore to be understood that within 
tile scope of the appended claims the invention may he 
practiced otherwise than as specifical&* described 
herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the U.S. is: 

1. X-(2-hydroxyeshyl nitriate)-2,4,6-trinitrobenza- 
mide. 

2. ~-(2-hydrox~eth~l~-~.4.6-tnnirrobe~zam~d~. 
8 8 l l * 


